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(54) MANUFACTURE OF UQUID CRYSTAL DISPLAY DEVICE 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide the manufacture which realizes a layer sbucture of the chiral smectic C 
liquid crystal, that has uniform CI orientation and is close to the chevron structure without any restriction vWth 
respect to the liquid crystal material and oriented film material in a liquid crystal display device using a ferroelectric 
liquid crystal. 

SOLUTION: This manufacture consists of: the first stage for interposing a liquid crystal composition that contains 
a liquid-crystalline acrylate monomer and a ferroelectric liquid crystal, between two sidistrstes each of which has 
an electrode layer and an orientation control film and at least one of which is transparent; and the second stage for 
irradiating the interposed liquid crystal composition in a state that shows a smectic A phase, with light from the 
side of the transparent substrate to polymerize the fiqu id-cry staiitne acrylate monomer into a polymer. Thus, in a 
liquid crystal display device usingthe ferroelectric liquid crystal, uniform CI orientation can easily be obtained and 
also, as the layer structure of the ferroelectric liquid crystal, a structure close to the chevron structure can be 
attained, without any restriction with respect to materials of the liquid crystal and oriented films to obtain a high 
contrast picture image display, 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim '1]The 1st process that makes a liquid crystal composition containing a liquid crystaliinity acrylate monomer 
and ferroelectric liquid crystal material intervene between the 2nd substrate characterized by comprising the 
following, And a manufacturing method of a liquid crystal display element which has the 2nd process that makes a 
liquid crystaliinity acrylate monomer polymers-ize when a liquid crystal composition which carried out (2) 
interventions irradiates with light from the 1st transparency board side in the state which shows a smectic A phase. 
(1) The 1 st transparency board that has an electrode layer and an orientation controlling film. 
An electrode layer and an orientation controlling film. 

[Claim 2](1) The 1st process that makes a liquid crystal composition containing a liquid crystaliinity acrylate 
monomer and ferroelectric liquid crystal material intervene between two transparency boards which have an 
electrode layer and an orientation controlling film, And a manufacturing method of a liquid crystal display element 
which has the 2nd process that makes a liquid crystaliinity acrylate monomer poiymers-ize when a liquid crystal 
composition which carried out (2) interventions irradiates with light in the state which shows a smectic A phase. 
[Claim 3]A manufacturing method of the liquid crystal display element according to claim 1 or 2, wherein 
concentration of a liquid crystaliinity acrylate monomer in a liquid crystal composition is 0.1 to 10 % of the weight. 
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DETAILED DESCRIRTION , , . 

[Detailed Description of the Invphtiohil 
[0001] 

[Field of the InventionjThis invention relates to the manufacturing method of a liquid crystal display element, 

especially a ferroelectric licpjid crystal display device. 

[0002] 

[Description of the Prior /^The liquid crystal display element (It indicates to JP,56~10721 6,A) using the 
ferroelectric liquid crystal proposed by Clerks and Lagerwall has a bistabil^ 

an electric field is a high spepd/tHe application as a high definitidri liquid ct^^s^^^^^ expected by the 

big screen. Hovyaver, in this ferroelectric liquid brystaj display device, there was a problem that it was difficult to^ 
realize the oriented state of a uniform ferroelectric liquid crystal without a defect. For example, although the layer 
system of a ferroelectric liquid crystal, i.e., a chiraj smectic C jiquid crystal, has the tendencjf to take the Cheyrpn 
structure bent into the" character Qf '''»t^'^ in,'a liquid ci;ystal celrarid two oriented states" distin^ 
orientation and C5 orientation a direction straight into the character (tf this was ,djfficu|t to 

acquire one. pf.the uniform oriented states of Cl prie'ntatiqn or C;2 orientation, if possibje, the layer systern of a ' 
chiral smectic C liqijid cry^al is not bent into the character of "**" — that is, a layer system -- the structure near 
the Chevron structure — this was also difficult to realize althou^ it needed t^ in the Chevron structure 

desiraHlY.'' ' '. . ..^ 

[OOpSjAjtHough how to use'the orienting film which gives a very; high pre tilt angle as a means by which acquiring the 
above uniform brierited states solves the technical prbbletfi' are' Sifficijlt, and the' method of using the feiroelectric 
liquid crystal compound which has a certain specific chemical structure are also known, These have the problem 
iliat there are many restrictions in a inatsrial face, and have not come to be put in practical use widely. 

[0004] " ■' 

[Pr6blem(s) to be Solved by the !nvention]In the liquid crystal display element which used the ferroelectric liquid , 
crystal, the issue which this invention tends to solve is CI orientation wliefre ^e^lay^r 's^^^^ 

liquid crystal is uniform, without feceiving restrictions in the materl^rface bf a liquid crystsir material and an ' 
orienting film. 

h is in prdyidirtg the manufacturing method of the liquid crystal display element which realizes structure hearer to 
the Chevron structure. 

[0005] 

[The means for inventing a technical problem] in order to solve an aforementioned problem, as a result of inquiring 
wholeheartedly paying attention to the liquid crystal composition which is one of tiie components of a liquid cry^al 
element, this invention persons find out that it is solvable w^en this technical problem makes a liquid crystallinity 
acrylate monomer contain in a liquid crystal composition, and provide this invention — it resulted. 
[0006]twd iriahufacturirigmethods of especially the following that is this iitivention as such a manufacturing method 
— namely (manufacturing method 1) . ' ■ ' " ' '":'] 

(1) Between -the ■Isttransparen that has an ■electi'ode layer arid an orientation contrbllirig film, ancl thiB'2nd ' 

substrate that has an electrode layer and an orientation controlling film, The '1st pi^bcess between which the liquid-" 
ciT^stal bompbsition containing a liquid crystallinity acrylate rnonbmer and ferroelectric liquid crystal material is made 
to be placed, and the liquid crystal composition which carried out (2) iriterventions in the state which shows a 
smectic A phase. The 2nd process that makes a liquid crystallinity acrylate monomer pdlymers-ize by in-adiating 
wiUi tight from the 1 st transparency board side (manufacturing method 2) 

(1)The 1st process that makesthe iiqiiid crystal cbmpbsitton cbritairiihg' a liquid brystalliriity ^^^^ and 
ferroelectrib liquid crystal nfiateirial intervene betweeih: two transparency electrode layer and 

an-orientatioh bbntrolling filni; And when the liquid Crystal bbmpositibh which carried out (2) interventions irradiates 
with light in tha state which shows a smectic A phase, the manufacturing method of the liquid crystal display 
element Awhich' has the 2nd process-that makes a liquid crystallinity acrylate monomer polymers-ize is provided. 
[0007]in order- that the manufacturing method of this invention may coincide tiie orientation direction of the liquid . 
crystallinity skeleton of a liquid crystallinity acrylate monomer with the easy shaft orientations of an orientation 



controlling film, The liquid crystal composition containing a liquid crystallinity monomer and a ferroelectric liquid 
crystal maintains tlie temperature which shows a smectic A phase, and is characterized by malting lights, such as 
ultraviolet rays or an electron beam, irradiate with and harden in the state where easy shaft orientations were made 
to carry out uniaxial orientation of the liquid crystallinity acrylate monomer. Therefore, if the ferroelectric liquid 
crystal material contained in a liquid crystal layer is usually recognized to be a ferroelectric liquid crystal by this 
technical field, can use it without restriction especially, but. In order that using what presents a smectic A phase in 
the temperature range above a chiral smectic C phase may acquire a good oriented state desirable still more 
preferably, it is preferred to use what presents a smectic A phase and a nematic phase in the temperature range 
above a smectic C phase. Usually, since the temperature range which shows a chiral smectic C phase is near 40-80 
**, in order for the liquid crystal composition which contains a liquid crystallinity monomer and a ferroelectric liquid 
crystal in the temperature range above it to show a smectic A phase, it is preferred [ a temperature range ] that it 
is a not less than 60 ** temperature requirement As for the concentration of the strong dielectric liquid crystal 
material in a liquid crystal layer, it is preferred that it is 90 to 99.9 % of the weight, and it is more preferred -tiiat it is 
93 to 99.5 % of the weight, and also it is more preferred that it is 95 to 99 % of the weight. 
[0008]Asfor a liquid crystallinity acrylate monomer, it is preferred to use what has liquid crystallinity as a liquid 
crystallinity acrylate monomer so that the liquid crystallinity of a ferroelectric liquid crystal may not be spoiled. 
[0009]As for the concentration of the liquid crystallinity acrylate monomer in the liquid crystal composition 
containing a liquid crystallinity acrylate monomer and a ferroelectric liquid crystal, it Is preferred to adjust to 0.1 to 
10% of the weight, it is still more preferred to prepare to 0.5 to 7% of tiie weight, and especially its 1 to 5 % of the 
weight is preferred. Contrast will fall without the ability to keep CI uniform orientation stable if the concentration of 
a liquid crystallinity acrylate monomer is lower than 0.1%, if higher than 10 % of the weight, the tendency for the 
response to the electric field of a chiral smectic 0 liquid crystal to be barred will become remarkable, and driver 
voltage will increase. The liquid crystallinity acrylate monomer which can be used can be especially used without 
restriction, if it is generally recognized as a liquid crystallinity acrylate monomer by this technical field. 
[0010]The orientation controlling film to be used can use especially the polyimide orientation film which performed 
rubbing treatment used conventionally without restriction. The orientation controlling film which irradiated the 
polyvinyl cinnamate thin film with polarization ultraviolet rays and which has not performed rubbing treatment can 
also be used. 

[0011]Although it is dependent also on the anisotropy of the refractive index of the strong dielectric liquid crystal to 
be used, as for the thickness of a liquid crystal layer, it is preferred that it is 1 to 4 microns, and especially its 1.5 to 
3 microns are preferred. To the liquid crystal composition containing a liquid crystallinity acrylate monomer and a 
ferroelectric liquid crystal, a photopolymerization initiator may be added in order to perform promptly photo-curing 
of the photoresist constituent in a smectic A phase. As a photopolymerization initiator which can be used here, it 
can be used, for example, choosing from publicly known benzoin ether, benzophenones, acetophenones, and benzyl 
ketals. As for the addition, it is preferred that it is 10 or less % of the weight to the liquid crystallinity acrylate 
m(»iomer contained in a liquid crystal composition. 

[0012]To the liquid crystal composition containing a liquid crystallinity acrylate monomer and a ferroelectric liquid 
crystal, stabilizer may be added in order to raise the preservation stability. As stabilizer which can be used here, it 
can be used, for example, choosing from publicly known hydroquinone, hydroquinone monoalkyi ether, and tertiary 
butyl catechols. As for the addition, it is preferred that it is 0.05 or less % of the weight to the photoresist 
constituent contained in a liquid crystal composition. 

[0013]The dose of the ultraviolet rays in the distance which makes a photoresist constituent polymers-ize, or an 

electron beam has the preferred range of 50 to 10000 mJ/cm^, although it is dependent also on the concentration 
of the liquid crystal composition to be used and a photopolymerization initiator. A photoresist constituent does not 
fully harden that the dose of ultraviolet rays or an electron beam is below 50 m J/cm^, but aging after manufacture 
becomes large, and carries out stripes, and there is a tendency for the liquid crystal composition itself to deteriorate 
that it is more than 10000 mJ/cm^, 
[0014] 

[Example]Hereafter, the example of this invention is shown and this invention Is explained still in detail. However, 
this invention is not limited to these examples. 

(Example 1) After forming the polyimide film "LP gas-64" {made by Toray Industries) in one side of a 0.1-mm-thick 
glass substrate by a thickness of 300 A, rubbing treatment was performed and the glass substrate with a polyimide 
orientation film was obtained. Thus, two obtained substrates with a polyimide orientation film were made to counter 
with a 1.5-micron interval as the field in which the orienting film was formed became inside, and the liquid crystal 
cell (A) was produced. At this time, the rubbing direction of two substrates of a liquid crystal ceil was set up 
become in the parallel direction. Next, The liquid crystal composition CL-I) which consiste of liquid crystallinity 
acrylate monomer "UCL-001" (made by Dainippon Ink & Chemicals) 3 weight section, ferroelectric liquid crystal 
"TA-CIOO" (made by Chisso) 97 weight section, and photopolymerization initiator "IRGACURE 651" (made by Ciba- 
Geigy) 0.03 weight section was prepared, next, the thing for which a liquid <»-ystal composition (L-1) is poured in 
with an isotropic liquid phase, and temperature is gradually lowered to 55 ** after that keeping a liquid crystal cell 
(A) at 80 ** — a liquid crystal composition (L-1) — the nematic phase from an isotropic liquid phase — the phase 
transition was carried out to the smectic A phase. The liquid crystal composition (L-1) iruected into the liquid 
crystal cell (A) was kept at 55 **, and photo-curing of the photoresist constituent which irradiates with the 

ultraviolet rays of intensity 40 mW/cm^ with the center wavelength of 365 nm, and is contained in a liquid crystal 



composition in the state which shows the smectic A phase was carried out. When the obtained liquid crystal 
element was observed witii the polarization microscope after cooling to tine room temperature, CI uniform 
orientation was obtained. When the angle of inclination of the layer system of the ferroelectric liquid crystal in this 
liquid crystal cell was estimated from X-ray analysis, it was about 4 times. 

(Comparative example 1) By pouring in the ferroelectric liquid crystal "TA-C100" (made by Chisso) with an isotropic 
liquid phase, and lowering temperature to a room temperature gradually after that, keeping the same liquid crystal 
cell (A) as what was produced in Example 1 at 80 **, It was made to go via a nematic phase and a smectic A phase 
from an isotropic liquid phase, and the phase transition of the ferroelectric liquid crystal "TA-C100" was carried out 
to the chiral smectic C phase. When the obtained liquid crystal element was observed with the polarization 
microscope, two oriented states, CI orientation and C2 orientation, were observed, and the uniform oriented state 
was not acquired. When the angle of inclination of the layer system of the ferroelectric liquid crystal in this liquid 
(MYStal cell was estimated from X-ray analysis, it was about 15 degrees. 

[0015]From the above Example 1 and comparative example 1, the liquid crystal display element of this invention, It 
turns out that 01 uniform orientation is realized and inclination of ^le layer system of a fen'oelectric liquid crystal 
also realizes a near layer system by the Chevron structure as compared with about 4 times and the conventional 
ferroelectric liquid crystal element of a comparative example since it is small. 

(Example 2) After forming the polyimide film "LP gas-64" (made by Toray Industries) in one side of a glass 
substrate with a thickness [ in which the ITO (indium tin oxide) transparent electrode was formed ] of 1.1 mm by a 
thickness of 150 A, rubbing treatment was performed and the glass substrate with a polyimide orientation film was 
obtained. Thus, two obtained substrates with a polyimide orientation film were made to counter with a 1.5-micron 
interval as the field In which the orienting film was formed became inside, and the liquid crystal cell (B) was 
produced. At this time, the rubbing direction of two substrates of a liquid crystal cell was set up become in the 
parallel direction, 

[0016]next, the thing for which the liquid crystal composition (L-1) prepared in Example 1 is poured in with an 
Isotropic liquid phase, and temperature is gradually lowered to 55 ** after that keeping a liquid crystal cell (B) at 80 
** — a liquid crystal composition (L-1) — the niematic phase from an isotropic liquid phase — the phase transition 
was carried out to the smectic A phase. The liquid crystal composition (L-1) injected into the liquid crystal cell (B) 
was kept at 55 **, and photo-curing of the photoresist constituent which irradiates with the ultraviolet rays of 
intensity 40 mW/cm^ with the center wavelength of 365 nm, and is contained in a liquid crystal composition in the 
state which shows the smectic A phase was carried out. When the obtained liquid crystal element was observed 
with the polarization microscope after cooling to the room temperature, it turned out that C1 uniform orientation is 
obtained. The orientation direction of the ferroelectric liquid crystal was also understood [ the rubbing direction of 
the polyimide orientation film, and / about eight ] that are shifted as for the angle degree. When the orientation of 
the liquid crystal frame of a liquid crystaliinity acrylate hardened material was observed by carrying out temperature 
up of the obtained liquid crystal element to near a clear point under a polarization microscope, it turned out that the 
orientation of the liquid crystal frame of a liquid crystaliinity acrylate hardened material is the same as that of the : 
rubbing direction of a polyimide orientation film. Therefore, it was confinmed that the orientation of a ferroelectric 
liquid crystal differs from the orientation direction of the liquid crystal frame of a liquid crystaliinity acrylate 
hardened material. 

(Comparative example 2) By pouring in the ferroelectric liquid crystal "TA-C100" (made by Chisso) with an isotropic 

liquid phase, and lowering temperature to a room temperature gradually after that, keeping the same liquid crystal 
cell (B) as what was produced in Example 2 at 80 **, It was made to go via a nematic phase and a smectic A phase 
from an isotropic liquid phase, and the phase transition of the ferroelectric liquid crystal "TA-C 100" was carried out 
to the chira! smectic C phase. When the obtained liquid crystal element was observed with the polarization 
microscope, two oriented states, CI orientation and C2 orientation, were observed, and the unifonm oriented state 
was not acquired. 

[001 7]Comparison with the electrooptics characteristic of the conventional ferroelectric liquid crystal element 
produced by the electrooptics characteristic and the comparative example 2 of the liquid crystal display element of 
this invention which were produced in Example 2 was shown in Drawing 1 . From now on, the liquid crystal display 
element of this invention has high contrast as compared with the conventional ferroelectric liquid crystal element, 
and it will turn out that driver voltage is also reduced. 
[0018] 

[Effect of the Invention]In the display device which used the ferroelectric liquid crystal, without receiving 
restrictions of material, the liquid crystal display element of this invention can acquire CI uniform oriented state 
easily, and can attain the structure near the Chevron structure also as a layer system of a ferroelectric liquid 
crystal. Therefore, high contrast can be acquired. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]I t is a figure showing the liquid crystal display element of this invention in Example 2, and the 
eleclrooptics characteristic of the conventional liquid crystal element in the comparative example 2. 
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DRAWINGS 



[Drawing 1] 
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